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Inflow characteristics of left and right ventricular filling
were assessed in 40 patients with myocardial infarction
and in 10 normal subjects by pulsed Doppler echocardi-
ography. Patients with myocardial infarction were sub-
divided into four groups, focusing on the involvement
of right ventricular and septal branches of the coronary
arteries. Group I consisted of 11 patients with anterior
infarction who showed an obstructive lesion of the prox-
imal left anterior descending branch involving the first
septal perforator with a patent right coronary artery.
Group II consisted of 10 patients with inferior infarction
who showed an obstructive lesion of the proximal right
coronary artery involving the right ventricular branch.
Group III consisted of 12 patients with both anterior
and inferior infarction who showed Obstructive lesions
of both the proximal left anterior descending branch and
the right coronary artery involving the right ventricular
branch. Group IV consisted of seven patients with lateral
infarction who showed an obstructive lesion of the di-
agonal branch or branches of the circumflex coronary
artery with a patent left anterior descending branch and
right coronary artery.
Recent advances in the pulsed Doppler technique have al-
lowed noninvasive measurement of intracardiac blood flow.
(1-5). Some studies (1-3) using a pulsed Doppler flowmeter
have suggested that early diastolic filling rate is limited in
patients with coronary artery disease. However, assessment
of inflow characteristics with regard to both left and right
ventricular filling has not been previously reported in human
subjects.
In this study, we measured the inflow velocities across
the mitral and tricuspid orifices in patients with myocardial
From the Cardiovascular Institute, Tokyo, Japan. This paper was pre-
sented at the First Asian Conference of the International Society of Me-
chanocardiography held in Tokyo on November 23-26, 1983. Manuscript
received April 30, 1984; revised manuscript received July 24, 1984, ac-
cepted January II, 1985.
Address for reprints: Junichi Fujii, MD, The Cardiovascular Institute,
7-3-10 Roppongi, Minato-ku, Tokyo 106, Japan.
Three measurements were performed from the trans-
mitral and transtricuspidal inflow velocity patterns to
assess the left and right ventricular diastolic behaviors.
These measurements were: 1) acceleration half-time, 2)
deceleration half-time of early diastolic rapid inflow,and
3) the ratio of the peak velocity of early diastolic rapid
inflowto that of the late diastolic inflowdue to the atrial
contraction.
Impaired diastolic filling of the left ventricle com-
pensated by enhanced left atrial contraction was ob-
served in patients with myocardial infarction from groups
I, II, III and IV. Impaired diastolic filling of the right
ventricle compensated by enhanced right atrial contrac-
tion was revealed in groups I, II and III. It is supposed
that myocardial damage of the interventricular septum
and a part of the right ventricular anterior wall perfused
from the left anterior descending branch might be one
of the causes for mildly impaired diastolic filling of the
right ventricle in group I patients with a patent right
coronary artery.
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infarction using a pulsed Doppler flowmeter combined with
a two-dimensional echocardiogram. These data were com-
pared with the coronary angiographic findings, with special
reference to obstructive lesions of the right ventricular and
septal branches of the coronary arteries.
Methods
Patient selection. Forty patients with healed myocardial
infarction and 10 normal subjects were included in this
study. There were 41 men and 9 women, ranging in age
from 25 to 65 years (average 53). The diagnosis of myo-
cardial infarction was made in all patients by clinical history,
electrocardiography, echocardiography, coronary angiog-
raphy and left ventriculography. All subjects were in a sinus
rhythm of 62 to 78 beats/min.
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Patient classification. Patients with myocardial infarc-
tion were subdivided into four groups (groups I, II, III and
IV), focusing on the involvement of right ventricular and
septal branches ofthe right and left coronary arteries. Group
I consisted of 11 patients with anterior infarction who showed
an obstructive lesion of the proximal left anterior descending
branch involving the first septal perforator (segment 6) with
a patent right coronary artery (6). Group II consisted of 10
patients with inferior infarction who showed an obstructive
lesion of the proximal right coronary artery involving the
right ventricular branch (segment 1) (6). Group III consisted
of 12 patients with anterior and inferior infarction who showed
an obstructive lesion of both the proximal left anterior de-
scending branch (segment 6) and right coronary artery in-
volving the right ventricular branch (segment 1). Group IV
consisted of seven patients with lateral infarction who showed
an obstructive lesion of the diagonal branch or branches of
the circumflex coronary artery with patent left anterior de-
scending and right coronary arteries.
Pulsed Doppler technique. Ultrasound imaging and
Doppler studies were performed within 24 hours before
coronary angiography with a commercially available, range-
gated pulsed Doppler unit (ALOKA SSD-91Oand 720). The
unit contains a 3.0 MHz single element transducer me-
chanically swept through an 80° arc to obtain a real time
two-dimensional echocardiogram at 30 frames/so A Doppler
sample volume could be positioned at any depth along the
line within the two-dimensional echocardiographic image.
This permits localization of the sample volume and esti-
mation of the angle between the direction of Doppler sam-
pling and direction of flow within the plane of imaging.
Sample volume length and width were 2 and 3 mm, re-
spectively. The Doppler output was evaluated by fast Four-
ier transform analysis, Pulsed Doppler echocardiograms were
recorded on a strip chart at a paper speed of 100 mrn/s
(ALOKA strip chart recorder), along with the electrocar-
diogram, phonocardiogram and M-mode echocardiogram.
The flow velocity toward the transducer was displayed above
the baseline, and that away from transducer was displayed
below the baseline on the Doppler echocardiogram.
Two-dimensional imaging ofthe left and right ventricular
inflow tracts was performed by positioning the transducer
at the cardiac apex to obtain a four chamber view. The
Doppler beam was directed as parallel as possible to the
long axis of the left and right ventricular inflow tracts. The
Doppler sample volume was placed at the outflow portions
of the left and right atria near the mitral and tricuspid orifices
to measure the transmitral and tricuspid inflow velocities
(Fig. I).
Analysis of data. Ventricular filling is characterized by
a biphasic pattern, including an initial rapid inflow of blood
separated from the late atrial contribution by a period of
diastasis (Fig. 1 to 3). Three measurements were performed
from the transmitral and tricuspid inflow velocity patterns
MV
Figure 1. Left top and bottom,
Doppler velocity curve derived from
the left ventricular inflow tract and
M-mode echocardiogram. Right top,
Determination of indexes from trans-
mitral and tricuspid inflow velocity
patterns. The inflow velocity pattern
reveals two wave components: one
in the rapid filling phase (R wave)
and the other in the late diastolic phase
(A wave). Three indexes, that is, the
acceleration half-time (AHT) and
deceleration half-time (DHT) of early
diastolic inflow and the ratio of the
peak of early diastolic inflow veloc-
ity (R) to the peak of late diastolic
inflow (A) due to atrial contraction
(AIR ratio), were obtained from the
velocity pattern. Right bottom, Two-
dimensional echocardiogram (four
chamber view) and its schematic
drawing showing the direction of the
ultrasonic Doppler beam and the
sample volume (SY) positioned at
the left (LV) and right (RY) ventric-
ular inflow tracts just above the mi-
tral and tricuspid orifices, indicated
by the two dashed lines. ECG =
electrocardiogram; LA = left atrium;
PCG = phonocardiogram; RA
right atrium.
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to assess the left and right ventricular diastolic behaviors
(Fig. I). These were: I) acceleration half-time (AHT) of
early diastolic rapid inflow, 2) deceleration half-time (DHT)
of early diastolic inflow, and 3) the ratio of the peak velocity
of early diastolic rapid inflow (R) to that of the late diastolic
inflow due to the atrial contraction (A) (AIR ratio). All
measurements were made over an average of five consec-
utive beats. Only the Doppler sampling angle relative to the
direction of flow within the plane of imaging could be de-
termined; that within the elevational plane could not. Thus,
we did not measure absolute values of early diastolic inflow
velocity, late diastolic inflow velocity, acceleration and
deceleration.
Statistical analysis. Statistical analysis was made by
analysis of variance. To determine reproducibility, all mea-
surements were made in duplicate on the same tracing by
the same investigator. To test interobserver variability, all
measurements were made independently by two investigators.
Cardiac catheterization and cineangiography.
Coronary angiography and left ventricular cineangiography
were performed within 24 hours after recording the pulsed
Doppler echocardiogram by standard techniques (Table I).
Coronary angiography by the Sones technique and biplane
left ventricular cineangiography in the right anterior oblique
(30°) and left anterior oblique (60°) projections were per-
formed at a filming rate of 50 frames/s. Volume was cal-
culated by Simpson's method.
Results
Inflow velocity pattern. In normal subjects, the instan-
taneous trans mitral and tricuspid inflow velocities revealed
a biphasic pattern, including a large R wave (peak velocity
of rapid inflow) and relatively small A wave (peak velocity
of late inflow due to atrial contraction) (Fig. 2).
In patients from groups I and IV, the transmitral inflow
velocity pattern was characterized by a relatively small R
wave and large A wave, contrasting with the transtricuspid
inflow velocity pattern of a relatively large R wave and
small A wave. However, some patients in group I dem-
onstrated a transtricuspid inflow velocity pattern with mildly
diminished R wave and enlarged A wave.
Figure 3 illustrates transmitral and transtricuspid in-
flow velocity patterns in a patient from group III. A rela-
tively small R wave and large A wave were demonstrated
in both transmitral and transtricuspid inflow velocity en-
velopes in patients from groups II and III.
These inflow velocity patterns were expressed numeri-
cally by values of AIR ratio, acceleration half-time (AHT)
and deceleration half-time (DHT) (Table 2).
Acceleration half-time, deceleration half-time and AIR
ratios of the left ventricle (AUT [LV), DUT [LV) and
AIR [LV)) (Table 2). Acceleration half-time of transmitral
inflow velocity (AHT (LV]) in normal subjects and patients
with myocardial infarction from groups I, II, III and IV
were compared. In normal subjects, this variable was 62 ±
18 ms (mean ± I SO). In patients with myocardial infarc-
tion from groups I, II, III and IV, it was 73 ± 10,76 ±
Figure 2. Representative transmitral (MV) and tricuspid (TV)
blood flow velocity patterns in a healthy subject. Inflow velocity
envelopes of left (LV) and right (RV) ventricles reveal biphasic
patterns, including a large R wave (early rapid inflow velocity)
and a relatively small A wave (late diastolic velocity due to atrial
contraction). Abbreviations as in Figure I.
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Figure 3. Representative transmitral (MV) and tricuspid (TV)
inflow velocity patterns in a group III patient with myocardial
infarction. A relatively small R wave and large A wave were
demonstrated both in the transmitral and tricuspid inflow velocity
envelopes. Abbreviations and definitions as in Figure 2.
10, 65 ± 13 and 91 ± 17 ms, respectively. Groups I, II
and IV demonstrated significant prolongation of this variable.
Deceleration half-time of transmitral inflow velocity (DHT
(LV]) in normal subjects was 73 ± 24 ms and in groups I,
II, III and IV it was 104 ± 9, 108 ± 10, 103 ± 28 and
113 ± 18 ms, respectively, demonstrating a significant
prolongation in these patients with myocardial infarction.
The AIR ratio of transmitral inflow velocity (AIR [LV/)
was 0.44 ± 0.14 in normal subjects and in groups I, II,
III and IV, it was 0.87 ± 0.22, 1.13 ± 0.44, 1.30 ± 0.46
and 0.79 ± 0.13, respectively, alI these values were sig-
nificantly greater than in the normal subjects.
Acceleration half-time, deceleration half·time and AIR
ratios of the right ventricle (AUT [RV], OUT [RV] and
AIR [RVn (Table 2). Acceleration half-time of transtri-
cuspid inflow velocity (AHT (RV]) in normal subjects was
72 ± 17 ms. In groups I, II, III and IV, this variable was
63 ± 13,92 ± 6, 73 ± 14 and 71 ± 7 ms, respectively,
demonstrating a statistically significant change only in group
II.
Table 1. Hemodynamic Characteristics of the Patient Groups
Patients With Myocardial Infarction
Control Group [ Group II Group III Group IV
No. of patients 10 II 10 12 7
Age (yr) 52 ± 7 51 ± 8 53 ± 8 61 ± 7 54 ± 8
Sex (M/F) 7/3 9/2 9/1 11/1 7/0
RVEDP (rnrn Hg) 3 ± I 6 ± 2 3 ± I 3 ± 2 5 ± 2
LVEDP (rnm Hg) 6 ± 2 13 ± 5 13 ± 6 12 ± 7 10 ± 3
CI (liters/min per rrr') 2.9 ± 0.4 2.8 ± 0.5 2.9 ± 0.9 2.8 ± 0.5 2.9 ± 0.5
LVEDV(\) (rnl/rrr') 91 ± 12 107 ± 27 107 ± 22 108 ± 28 103 ± 15
LVESV(I) (ml/rrr') 36 ± 9 5H ± 20 51 ± 21 59 ± 27 43 ± II
EF 0.61 ± 0.Q7 0.49 ± 0.09 0.54 ± 0.11 0.47 ± 0.13 0.58 ± 0.06
rnvcf (circ/s) 1.00 ± 0.20 0.80 ± 0.21 0.80 ± 0.21 0.70 ± 0.17 1.03 ± 0.21
Values are expressed as mean ± SD. CI = cardiac index;EF = ejection fraction; F = female; LVEDP =
left ventricularend-diastolic pressure; LVEDV(I) = left ventricularend-diastolicvolume index; LVESV(I) =
left ventricularend-systolicvolumeindex;M = male;mVcf = meanvelocityof circumferential fibershortening
during ejection; RVEDP = right ventricularend-diastolic pressure.
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Table 2. Indexes Obtained from the Transmitral and Transtricuspid Inflow Velocity Patterns in
Normal Subjects and in Patients With Myocardial Infarction
Patients With Myocardial Infarction
Control Group I Group II Group III Group IV
(n = 10) (n = II ) (n = 10) (n = 12) (n = 7)
AHT (LV) (ms) 62 ::!: 18 73 ::!: 10* 76 ::t: 10* 65 ::t: 13 91 ::t: 17*
DHT (LV) (ms) 73 ::t: 24 104 ::t: 9** 108::t: 10" 103 ::t: 28** 11 3 ::t: 18**
AIR (LV) 0.44 ::t: 0.14 0.87 ::t: 0.22** 1.13 ::!: 0.44** 1.30 ± 0.46** 0.79 ± 0.13*
AHT (RY) (ms) 72 ± 17 63 ± 13 92 ± 6*" 73 ± 14 71 ± 7
DHT (RY) (ms) 82 ± 22 113 ::t: 44* 122 ± IS** 121 ± 30** 101 ± 44
AIR (RY) 0.51 ± 0.10 0.61 ± 0. 19* 1.13 ± 0.14** 1.06 ± 0.3S** 0.53 ± 0.13
*p < 0.05; **p < 0.01 versus normal control. AHT (LV) and AHT (RV) = acceleration half-times of
transmitral and transtricuspid inflow velocities. respectively. AIR (LV) and AIR (RY) = ratios of the peak
of early diastolic transmitral and transtricuspid inflow velocities to the late diastolic inflows due to the left
and right atrialcontractions. DHT(LY) and DHT (RV) = deceleration half-timesof transmitral and transtricuspid
inflow velocities.
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Deceleration half-time of transtricuspid inflow velocity
(DHT [RVJ) in normal subjects was 82 ± 22 ms, whereas
in groups I, II, III and IV, it was 113 ± 44, 122 ± 18,
121 ± 30 and 101 ± 44 ms, respectively. Groups I, II and
III revealed significant prolongation of this variable.
The A/R ratio of transtr icuspid inflow velocity (A/R
(RVJ) in normal subjects was 0 .51 ± 0.10 ; in groups I, II,
III and IV it was 0.61 ± 0.19, 1.13 ± 0.14 , 1.06 ± 0.38
and 0.53 ± 0 .13, respecti vely. Groups 1, II and III dem-
onstrated significant increa ses in this ratio. The standard
error of the mean testing repeat ability was less than 6%.
Interobserver variability was less than 9% .
Discussion
Recordings and measurements of ventricular inflow
velocities. In this study, the Doppler sample volume was
placed in the outflow portions of the atria rather than in the
inflow portions of the ventricl es. Rapid changes of flow
directions and flow disturbances are more frequently exhib -
ited in the inflow tract of the ventricles than in the outflow
tract of the atria . Thus, we preferred to use the flow in the
outflow tract of the atria rather than that in the inflow tract
of the ventricles. Both method s produce similar results in
most patient s, but there are some patient s in whom a no-
ticeabl y greater velocit y can be measured in the inflow tract.
However , in those patients. acceleration half-time. decel -
erat ion half-time and peak velocity of late diastolic/earl y
rapid inflow (A/R) ratio do not show significant difference s
in contrast with absolute values of inflow veloc ities . accel-
eration and deceleration .
Left ventricular filling pattern in myocardial infarc-
tion. Ventricular filling pattern is characterized by a bi-
phasic pattern, an initial rapid inflow and late atrial contri-
bution (1-5). Disease states cause various changes in the
distribution of filling, as shown by our previous echocar-
diographic study (7) as well as that of others (8) . It is
necessary , therefore , to analy ze the changes of the distri-
bution of filling throughout diastole to clari fy the complex
filling dynamics in various heart diseases. The present study
revealed a significantly prolonged acceleration half-time in
patient s with myocardial infarction from groups I, II and
IV and a significantly prolonged deceleration half-time in
groups 1, II, III and IV. The que stion of why filling during
the initial rapid inflow phase is slowed in patients with
myocardi al infarction is raised .
There have been several experimental reports of dimin-
ished compliance and impaired relaxat ion of the left ven-
tricle in myocardial infarction (9- 12) . Diastolic filling rates
obtained by radionucl ide methods have recently been re-
ported in patients with coronary artery disease, and abnor-
malitie s of early filling have been described in patients with
coronary artery disease (13) . Hammermeister et al. (14),
using contrast angiography , found reduced peak filling rates
in a group of patients with coronary artery disease. Recently
Tanouchi et al . (2), using pulsed Doppler flowmetry , re-
ported that acceleration of early diastolic inflow velocit y
and deceleration after the peak correlated well with the time
constant of isovolumic pressure decay; that is, the decrease
in acceleration and deceleration was accompanied by pro-
longat ion of the time constant. Therefore, prolongations of
decele ration half-time and acceleration half-time in the pres-
ent study might be followed by a prolonged time constant.
Two major factors , the presence of fibrotic tissue or impaired
biochemical process of relaxation. might alter the time con-
stant in patient s with myocardial infarction (15 ). The pres-
ence of fibrotic tissue might influence ventricular filling
throughout diastole. contra sting with impaired relaxati on in
early diastole. Thi s is bel ieved to be one of the reasons why
prolongation of deceleration half-t ime is more prom inent
than prolongation of acceleration half-time in healed myo-
cardial infarction with scar tissue in the present study .
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The strength of atrial contraction provides the end-dia-
stolic " kick" to ventricular filling, which is frequently im-
portant in coronary heart disease (1-5,7,8,16,17) . All pa-
tients in groups I, II, III and IV in the present study showed
increased NR ratios of transmitral inflow velocities as well
as prolonged deceleration and acceleration half-times of the
left ventricle, suggesting impaired diastolic filling of the left
ventricle compensated by enhanced left atrial contraction.
Right ventricular filling pattern in myocardial in-
farction. Transtricuspid inflow velocity envelopes show
prolonged deceleration half-time and increased NR ratios
in groups I, II and III, suggesting impaired diastolic filling
of the right ventricle compensated by enhanced right atrial
contraction. The reason that group I showed mildly impaired
diastolic filling of the right ventricle despite a patent right
coronary artery is unknown . However, group IV patients
with a patent right coronary artery and septal branch of left
anterior descending coronary artery, did not show impaired
diastolic filling of the right ventricle in contrast with group
I patients with a patent right coronary artery and obstructed
left anterior descending artery involving the septal branch.
Although the number of patients in group IV was small,
these findings suggest that damage to the septum and a part
of the right ventricular anterior wall perfused from the left
anterior descending branch might be one of the causes for
mildly impaired diastolic filling of the right ventricle in
group I with a patent right coronary artery .
Conclusions. Impaired diastolic filling of the left ven-
tricle compensated by enhanced left atrial contraction was
observed in patients with healed myocardial infarction in
groups I (left anterior descending coronary occlusion), II
(right coronary artery occlusion), III (combined left and
right coronary occlusion) and IV (left circumflex occlusion).
Impaired diastolic filling of the right ventricle compensated
by enhanced right atrial contraction was revealed in groups
I, II a••u III. It is supposed that myocardial damage of the
interventricular septum and a part of the right ventricular
anterior wall perfused from the occluded left anterior de-
scending branch might be one of the causes for mildly im-
paired diastolic filling of the right ventricle in group I pa-
tients with a patent right coronary artery. Pulsed Doppler
echocardiography is clinically useful in detecting a distur-
bance of diastolic filling, which may be one of the earliest
manifestations of mechanical abnormality of the diseased
left and right ventricles in patients with coronary heart dis-
ease and myocardial infarction .
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